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FIG. 6 
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STATOR CORE LOOSENING DIAGNOSIS 
DEVICE AND STATOR CORE LOOSENING 

DIAGNOSIS METHOD 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

This is a continuation-in-part of Application PCT/JP2006/ 
322728, ?led on Nov. 15, 2006, now abandoned. This appli 
cation is based upon and claims the bene?t of priority from 
the prior Japanese Patent Application No. 2005-330993, ?led 
in the Japanese Patent Of?ce on Nov. 16, 2005, the entire 
content of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to a diagnosis device for 
diagnosing loosening of a stator core of a rotary electrical 
machine and its diagnosis method. 

In general, in a stator of a rotary electrical machine such as 
an electric generator or an electric motor, a stator core is 
con?gured by laminating thin electromagnetic steel sheets 
having, on its inner radial side, a space into which a coil is 
inserted and clamping the laminated electromagnetic steel 
sheets in the axial direction. Then, a coli is inserted into a coil 
insertion space on the inner radial side of the electromagnetic 
steel sheets and is connected outside the stator core. 

In the stator core having such a con?guration, insuf?cient 
clamping of the stator core may decrease a clamping speci?c 
pressure of the laminated electromagnetic steel sheets. 
Accordingly, the electromagnetic steel sheets vibrate, so that 
insulating layers coated on the surface of the electromagnetic 
steel sheets may be separated therefrom due to rubbing and 
beating between the electromagnetic steel sheets, causing an 
electrical connection to be established between the electro 
magnetic steel sheets. As a result, an eddy current is induced 
and, in the worst case, the stator core undergoes melting 
damage. In order to prevent this, it has been necessary not 
only to assembling the stator core while adequately control 
ling the stator core speci?c pressure in the manufacturing 
process, but also to periodically check/inspect the stator core 
speci?c pressure in a plant in operation. Conventionally, in 
this inspection, a jig having a thin knife-like shape is inserted 
in a gap between the electromagnetic steel sheets, and the 
clamping state of the stator core is sensuously judged by the 
insertion condition. However, the judgment depends on the 
feeling of individual inspectors, so that a lot of skill is 
required for the judgment. Further, the judgment varies 
between individuals, resulting in a variation of quality. 

In order to cope with this problem, Japanese Patent Appli 
cation Laid-Open Publication No. 2000-354353, the entire 
contend of which is incorporated herein by reference, dis 
closes a method of quantitatively evaluating the clamping 
state of the stator core. This method inserts a torque wrench 
into the air duct portion which is generally provided for 
cooling of the stator core of a rotary electrical machine and 
measures a torque value indicated by the torque wrench and 
displacement amount of the stator core or torque wrench 
obtained at the time when the torque wrench is inserted into 
the stator core to thereby numerically evaluate the stator core 
speci?c pressure. 
As described above, it is necessary to insert the torque 

wrench into the air duct portion in the method disclosed in 
Patent Document 1. However, the air duct of this type gener 
ally has a narrow width and therefore a torque wrench formed 
in an extremely thin shape is required. On the other hand, the 
clamping speci?c pressure of the stator core is extremely 
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2 
high, so that when such a torque wrench formed in an 
extremely thin shape is used, the toque wrench itself is 
deformed. As a result, a suf?cient external force cannot be 
applied to the stator core, making it impossible to evaluate the 
stator core clamping pressure properly. 

Further, the torque wrench can apply an external force only 
to a small portion of the stator core, so that the stator core 
clamping pressure that can be evaluated is limited to a small 
portion of the stator core, i.e., a portion in the vicinity of the 
outer surface of the stator core where the speci?c pressure 
becomes comparatively low. Therefore, measurement needs 
to be made at many portions. Further, it is likely that the actual 
measurement result is evaluated lower than the average spe 
ci?c pressure of the stator core with the result that the stator 
core is clamped with more force than required. Furthermore, 
in existing plant diagnosis, there is a case where even a 
problem-free machine is determined to be abnormal. 

The present invention has been made to solve the above 
mentioned problem, and an object thereof is to provide a 
stator core loosening diagnosis device and its diagnosis 
method capable of easily and quantitatively determining the 
clamping state of the entire stator core of a rotary electrical 
machine. 

BRIEF SUMMARY OF THE INVENTION 

The present invention achieves the above-mentioned 
object, and according to aspect of the present invention, there 
is provided a diagnosis device for diagnosing loosening of a 
stator core of a rotary electrical machine, the stator core being 
con?gured by laminating, in an axial direction, electromag 
netic steel sheets on both or one of the surfaces of which an 
insulation ?lm is coated and which has, on its inner radial 
side, a space into which a coil is inserted, clamping the lami 
nated electromagnetic steel sheets in the axial direction, 
inserting the coil into the coil insertion space formed on the 
inner radial side, and connecting the coil outside the stator 
core, the diagnosis device being characterized by comprising: 
excitation means for vibrating the stator core in the radial 
direction thereof; vibration detection means for detecting the 
vibration of the stator core in the radial direction; means for 
frequency-analyzing an output signal of the vibration detec 
tion means that detects vibration generated in the stator core 
when the stator core is vibrated by the: excitation means so as 
to extract a measurement natural vibration mode of the stator 
core in a circular ring natural vibration mode; means for 
estimating a circular ring natural vibration mode of the stator 
core from shape data of the stator core; and means for deter 
mining a clamping state of the stator core by comparing the 
measurement natural vibration mode and a determination 
criterion obtained based on the estimated natural vibration 
mode. 

According to another aspect of the present invention, there 
is provided a diagnosis device for diagnosing loosening of a 
stator core of a rotary electrical machine, the stator core being 
con?gured by laminating, in an axial direction, electromag 
netic steel sheets on both or one of surfaces of which an 
insulation ?lm is coated and which has, on its inner radial 
side, a space into which a coil is inserted, clamping the lami 
nated electromagnetic steel sheets in the axial direction, 
inserting the coil into the coil insertion space formed on the 
inner radial side, and connecting the coil outside the stator 
core, the diagnosis device being characterized by comprising: 
excitation means for vibrating the stator core in a lateral 
direction thereof; vibration detection means for detecting the 
vibration of the stator core in the: excitation direction at a 
plurality of points arranged in axial direction of the stator 
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core; means for frequency-analyzing an output signal of the 
vibration detection means that detects vibration generated in 
the stator core when the stator core is vibrated by the: exci 
tation means so as to extract a measurement natural frequency 

of the stator core in a bending mode; means for estimating an 
estimated natural frequency of the stator core in the bending 
mode from shape data of the stator core; means for creating a 
determination value based on the estimated natural fre 
quency; and determination means for determining the clamp 
ing state of the stator core by comparing the measurement 
natural frequency and determination value. 

According to an aspect of the present invention, there is 
provided a diagnosis method for diagnosing the loosening of 
a stator core of a rotary electrical machine, the stator core 
being con?gured by laminating, in axial direction, electro 
magnetic steel sheets on both or one of surfaces of which an 
insulation ?lm is coated and which has, on its inner radial 
side, a space into which a coil is inserted, clamping the lami 
nated electromagnetic steel sheets in the axial direction, 
inserting the coil into the coil insertion space formed on the 
inner radial side, and connecting the coil outside the stator 
core, the diagnosis method being characterized by compris 
ing: a: excitation step of vibrating the stator core in the radial 
direction thereof; a vibration detection step of detecting the 
vibration of the stator core when the stator core is vibrated in 
the: excitation step; a measurement natural vibration mode 
extraction step of frequency-analyzing an output signal of the 
vibration detection means so as to extract a measurement 

natural vibration mode of the stator core in a circular ring 
natural vibration mode; a natural vibration mode estimation 
step of estimating a circular ring natural vibration mode of the 
stator core from shape data of the stator core; and a determi 
nation step of determining a clamping state of the stator core 
by comparing the measurement natural vibration mode and a 
determination criterion obtained based on the estimated natu 
ral vibration mode. 

According to another aspect of the present invention, there 
is provided a diagnosis method for diagnosing loosening of a 
stator core of a rotary electrical machine, the stator core being 
con?gured by laminating, in an axial direction, electromag 
netic steel sheets on both or one of surfaces of which an 
insulation ?lm is coated and which has, on its inner radial 
side, a space into which a coil is inserted, clamping the lami 
nated electromagnetic steel sheets in the axial direction, 
inserting the coil into the coil insertion space formed on the 
inner radial side, and connecting the coil outside the stator 
core, the diagnosis method being characterized by compris 
ing: a: excitation step of vibrating the stator core in a lateral 
direction thereof; a vibration detection step of detecting the 
vibration of the stator core at a plurality of points arranged in 
axial direction of the stator core when the stator core is 
vibrated in the: excitation step; a measurement natural fre 
quency extraction step of frequency-analyzing an output sig 
nal detected in the vibration detection step so as to extract a 
measurement natural vibration mode of the stator core in a 
bending mode; a natural frequency estimation step of esti 
mating an estimated natural frequency of the stator core in the 
bending mode from shape data of the stator core; and a deter 
mination step of determining the clamping state of the stator 
core by comparing the measurement natural vibration mode 
and determination value obtained based on the estimated 
natural frequency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the present 
invention will become apparent from the discussion herein 
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4 
below of speci?c, illustrative embodiments thereof presented 
in conjunction with the accompanying drawings, in which: 

FIG. 1 is a longitudinal cross-sectional view schematically 
showing a ?rst embodiment of a stator core of a rotary elec 
trical machine and a stator core loosening diagnosis device; 

FIG. 2 is a block diagram showing a concrete con?guration 
of a signal processing means of FIG. 1; 

FIG. 3 is a conceptual view of the natural vibration mode of 
a stator core of a typical rotary electrical machine vibrating in 
a second-order circular ring axial direction in-phase mode; 

FIG. 4 is a conceptual view of the natural vibration mode of 
a stator core of a typical rotary electrical machine vibrating in 
a second-order circular ring axial direction out-of-phase 
mode; 

FIG. 5 is a conceptual view of the natural vibration mode of 
a stator core of a typical rotary electrical machine vibrating in 
a third-order circular ring axial direction in-phase mode; 

FIG. 6 is a conceptual view of the natural vibration mode of 
a stator core of a typical rotary electrical machine vibrating in 
a third-order circular ring axial direction out-of-phase mode; 

FIG. 7 is a conceptual view of the natural vibration mode of 
a stator core of a typical rotary electrical machine vibrating in 
a second-order circular ring axial direction U-curve mode; 

FIG. 8 is a graph for explaining signal processing per 
formed in the ?rst embodiment of the stator core loosening 
diagnosis device according to the present invention, which 
shows a concept of a relationship between the stator core 
speci?c pressure and natural frequency in the circular ring 
mode; 

FIG. 9 is a graph for explaining signal processing per 
formed in the ?rst embodiment of the stator core loosening 
diagnosis device according to the present invention, which 
shows a concept of a relationship between the stator core 
speci?c pressure and a ratio between the natural frequencies 
in the axial direction in-phase mode and axial direction out 
of-phase mode; 

FIG. 10 is a graph for explaining a typical method for 
calculating a damping ratio from a result obtained by analyz 
ing the frequency of vibration data, in which frequency is 
plotted on the horizontal axis and vibration level is plotted on 
the longitudinal axis; 

FIG. 11 is a graph for explaining signal processing per 
formed in the ?rst embodiment of the stator core loosening 
diagnosis device according to the present invention, which 
shows a concept of a relationship between the stator core 
speci?c pressure and damping ratio in a circular ring natural 
vibration mode; 

FIG. 12 is a longitudinal cross-sectional view schemati 
cally showing a second embodiment of a stator core of a 
rotary electrical machine and a stator core loosening diagno 
sis device; 

FIG. 13 is a block diagram showing a concrete con?gura 
tion such as a signal processing means and: excitation/exci 
tation force detection means shown in FIG. 12; 

FIG. 14 is a longitudinal cross-sectional view schemati 
cally showing a third embodiment of a stator core of a rotary 
electrical machine and a stator core loosening diagnosis 

device; 
FIG. 15 is a longitudinal cross-sectional view schemati 

cally showing a fourth embodiment of a stator core of a rotary 
electrical machine and a stator core loosening diagnosis 

device; 
FIG. 16 is a block diagram showing a concrete con?gura 

tion of a signal processing means shown in FIG. 15; 
FIG. 17 is a view schematically showing a vibration mode 

of the bending vibration of a beam serving as a determination 
criterion in the fourth embodiment of the stator core of a 














